Abstract Giardia duodenalis is one of the most frequent intestinal parasitic infections in children worldwide. To date, eight main assemblages of G. duodenalis have been described, but only A and B genetic groups are known to infect humans. A cross-sectional study was conducted to determine the prevalence and risk factors of Giardia duodenalis infection in 417 preschool children from the Fomento municipality in the central region of Cuba between January and June 2013. The overall prevalence of Giardia infection was 10.79 %. Assemblage identification was carried out by the amplification of a fragment of the triose phosphate isomerase (tpi) gene. DNA from 36 of 45 (80 %) samples was successfully amplified by PCR-tpi. Assemblage B and mixed assemblages A ? B represented 52.78 and 36.11 % respectively, of genotyped samples. Assemblage A accounts for only 11.11 %. Children who were cared for at home were associated with diarrhea caused by assemblage B. No associations were found between other clinical variables with infecting assemblage of Giardia. Univariate analysis identified the use of unsafe water resources (OR 2.9; CI 1.2-6.8) and-even more interestingly-keeping dogs indoor (OR 2.5; CI 1.2-5.4) were significant risk factors associated with Giardia infection among children. Multivariate analysis using introduction test logistic regression ratified the association of these two risk factors: kept dogs indoor (OR 2.8, CI 1.1-5.3), and untreated water (OR 1.4, CI 1.4-4.9) with Giardia infection. This information may be useful for an effective prevention and control programme of giardiasis in this population.
Introduction
Infection with pathogenic intestinal protozoan Giardia duodenalis (syn. G. intestinalis, G. lamblia) results in considerable gastrointestinal morbidity, malnutrition and deleterious effects on growth and cognitive functions worldwide, particularly among young children in developing countries (Feng and Xiao 2011) .
According to the World Health Organization (WHO), it has been estimated that there are 280 million symptomatic cases of giardiasis every year (Feng and Xiao 2011) . The emerging issue of Giardia infections in developing regions of the world and the impact on children was a major factor in the inclusion of Giardia in the WHO's 'Neglected Diseases Initiative ' (Savioli et al. 2006) .
The clinical presentation of Giardia infection varies from an asymptomatic carrier state to a severe disease which may be associated with fat malabsorption and lactose intolerance due to disaccharidase deficiency (Buret 2008) . Several studies have revealed that a chronic infection of Giardia during childhood contributes to proteinenergy malnutrition, vitamin A deficiency, iron deficiency anaemia, and zinc deficiency (Ignatius et al. 2012; AlMekhlafi 2013) . Socioeconomic factors such as poverty, lack of adequate sanitation and water treatment systems, illiteracy and poor hygienic practices have been identified too as significant risk factors associated with Giardia infection in different communities (Anuar et al. 2012) .
In Cuba, various national programs of health, have been instituted since 1959, and they have contributed to improving the quality of life of people and hygienic-sanitary conditions in almost the entire country (Offredy 2008) . In the last National survey of intestinal parasitic infections (IPI) carried out in 2009, G. duodenalis, was the most frequently identified pathogenic protozoan (Rojas et al. 2012) .
Diagnosis of G. duodenalis is traditionally based on the detection of the parasites by light microscopy in direct stool smears or following concentration techniques. Multiple rather than single sample testing is recommended to improve sensitivity. The introduction of molecular techniques, in particular those based on the in vitro amplification of nucleic acids (i.e., PCR and related methodologies), has revolutionised the study of the epidemiology of giardiasis. Molecular tools are thought to provide higher sensitivity and specificity compared with both microscopic and immunological assays, and offer the possibility to identify Giardia isolates at the level of species, assemblage, sub-assemblage and genotype, as well as hunt for associations between particular assemblages and defined symptom patterns (Ryan and Cacciò 2013) .
Molecular tools have demonstrated that G. duodenalis is a complex species comprising at least eight assemblages (A-H), among which only A and B were found infecting humans (Cacciò and Ryan 2008) . Assemblage A has two distinct clusters; AI and AII while assemblage B consists of BIII and BIV. Both assemblages A and B are also reported in domestic and wild animals (Monis et al. 2003) . Thus, potential zoonotic transmission to humans of assemblages A and B is plausible (Ryan and Cacciò 2013) .
In the previous studies done by Pelayo et al. (2008) and Puebla et al. (2014) in children from the central part and the capital of the country, respectively, the prevalence rates in the positive cases of children studied were higher for assemblage B than for assemblage A. In those studies, children harbouring assemblage B of Giardia were more likely to have symptomatic infections than children infected with isolates from assemblage A.
The municipality of Fomento which belongs to the Sancti Spiritus province, has been studied in the years before in a group of school children to assess the prevalence of intestinal parasites. Giardiasis remains a principal intestinal parasitic infection in the preschool population in Cuba, according to the last national survey of IPI (Rojas et al. 2012 ) and there are a few studies carried out by that group in our country, especially in the central region of Cuba. For that reason the purpose of this study was to determine the prevalence of different G. duodenalis assemblages among preschool children with giardiasis, and the associations with clinical and epidemiological data collected, as well as to identify associated risk factors.
Materials and methods

Study area and subjects
A descriptive cross-sectional study was carried out in preschool children from the municipality of Fomento, located in the North of the province of Sancti Spiritus, Cuba (22°6 0 19 00 N 79°43 0 13 00 O) (Fig. 1) , from January to June of 2013. The prevalence reported in 2012 for intestinal parasites in this community was 5.26 %. A total sample size of 414 out of 1330 of total preschool children of this area was calculated for 95 % confidence level with a margin error of 4 %. Finally 417 children were sampled, representing about one-third of this target group. Children were divided into three groups: those cared for at home, those in kindergarten and those attending preschool in order to assess the association with clinical symptoms.
The selection of this area was done taking in account that in the past years this community had a high prevalence of parasitic infections among school aged children in the population. This led to an intervention with an anti-parasitic campaign and educational programmes.
Children were also stratified in three age groups: \3 years old (cared for at home), \5 years old (kindergarten) and \6 years old (preschool),
Clinical samples, surveillance data and ethical considerations
Stool collection containers were handed to the parents who were instructed to bring a fresh sample of the selected child at the scheduled day of examination. Three stool samples from 417 children under 6 years old were examined for intestinal parasites by a wet smear stained with Lugol´s iodine, followed by a formalin ethyl acetate concentration technique.
For identification of Cryptosporidium spp., Cyclospora cayetanensis, and Cystoisospora belli, all the diarrheal stool samples were stained by modified acid-fast (Garcia 2001) , and for the identification of specific parasite species eggs, were used the Kato-Katz smear and Willy-Malloy flotation techniques.
The inclusion criteria for this study was to examine all positive stool samples for G. duodenalis, being these samples stored in potassium dichromate (2.5 %) at 4°C, and send to the ''Pedro Kourí'' Institute, for molecular characterization. Coinfection cases with other intestinal parasites were not included in the investigation of the association between Giardia assemblages and clinical signs.
A standard form was used to collect information on the age, gender and symptoms of each child, from that child's parents/guardians. These surveillance data included some epidemiological information to identify possible risk factors for G. duodenalis infection. Standardized questionnaires, covering demographic data, sanitary behaviours including cooking and eating habits, sources and treatment methods of drinking water, pets or animal contact, and a history of present gastrointestinal symptoms, were used.
The study protocol (Reference Number: CEI: IPK 15-13) was reviewed and approved by the Ethics Committee of the ''Pedro Kourí'' Institute. Written informed consent was obtained from parents/guardians of children to participate in the study. All children infected with protozoan or helminths of medical importance were treated by the Paediatrics' specialist that formed part of this study.
Purification of Giardia duodenalis cyst and DNA extraction
Giardia cysts were purified and concentrated from stool samples in a sucrose gradient with a specific gravity of 0.85 M and then washed with distilled water (Babaei et al., 2011) . The cyst wall was disrupted by 8-10 freeze-thaw cycles in liquid nitrogen alternated with a 95°C water bath. After that, purified cysts were mixed with 300 lL of buffer lysis (50 mM Tris-HCl, pH 7.5; 25 mM EDTA, 25 mM NaCl, and 1 % of sodium dodecyl sulphate (SDS),) and vortexed. After adding 100 lg/mL of proteinase K, the suspension was incubated at 56°C for 2 h.
The DNA lysate was then treated with phenol/chloroform/isoamyl alcohol (24:24:1), followed by chloroform/ isoamyl alcohol (24:1) according to Sambrook and Russell protocol (2001) . The DNA was precipitated by the addition of 1 mL chilled ethanol and stored at -20°C until use. The dried DNA was re-suspended in 30 lL distilled water and used as a template for PCR.
Genotypic characterization
Amplification of the tpi gene was performed as a single PCR with a forward 5 0 GGAGACCGACGAGCAAAGC3 0 , and reverse 5 0 CTTGCCAAGCGCCTCAA3 0 primers for assemblage A (PCR-tpiA), and a forward 5 0 AATAGC AGCACARAACGTGTATCTG3 0 and reverse 5 0 CCCATG TCCAGCAGCATC3 0 for assemblage B (PCR-tpiB), as described by Bertrand et al. (2005) . The PCR reaction mixture was done using a AmpliTaq Ò DNA Polymerase with GeneAmp Ò 10X PCR Buffer Kit (Applied Biosystems, USA) in a total volume of 25 lL, and comprised 2.5 lL of 10XPCR buffer (Applied Biosystems, USA), 0.2 mM of each deoxynucleoside triphosphate (dNTPs) (Applied Biosystems, USA), 1U of Taq polymerase (Applied Biosystems, USA), 0.4 lM of each primer, 5 lL of DNA template, with ultrapure water used as a negative control.
The DNA was amplified using a thermocycler (Gene Amp Ò PCR System 9700, Applied Biosystem, USA) following conditions described by Bertrand et al. (2005) . The PCR products were visualized on agarose gels (2 %) with ethidium bromide-staining (0.5 lg/mL). DNA from G. duodenalis axenic cultures, strains WB-C6 (assemblage A) and GS (Assemblage B), and ultrapure water were used as positive and negative controls, respectively.
Statistical analysis
All data were analysed using EPINFO 6.04 and EPIDAT 3.1 statistical programmes. Chi square test and proportion tests were employed to assess the significance of the associations.
The odds ratio (OR) with 95 % confidence interval (CI) were performed as measures of association. The association between potential risk factors and G. duodenalis infection was assessed by the Chi square test with a 95 % confidence interval. Odds ratios with 95 % confidence interval and P values were calculated between G. duodenalis infection and each of the other variables in the univariate analysis. A multivariate logistic regression using introduction test was used to determine whether each independent variable was significantly related to the outcome variable. The P values \0.05 were considered as statistically significant for all tests.
Results
Based on the analysis of microscopic examination of stool samples per child, stool samples from 45 children, 20 girls and 25 boys were found to be positive to Giardia infection and included in the study. The overall prevalence rate of infection by this parasite was 10.8 % (45/417). Coinfection with other parasites was found in 5 cases (2 Entamoeba histolytica/E. dispar, 1 Ascaris lumbricoides, 1 Enterobius vermicularis, 1 Ascaris lumbricoides plus Trichuris trichiura). Table 1 shows the characteristics of the enrolled children under 6 years old, divided into children who attended kindergarten, those who were cared for at home and the last group composed of children enrolled in preschool. Diarrhoea was more commonly manifested in children infected with Giardia who were cared for at home (7/13), compared to the other groups (P \ 0.05). No difference was observed with other intestinal symptoms.
Out of 45 samples microscopically-positive for Giardia, PCR products of the expected size were successfully amplified based on analysis targeting genes from 36 of them by PCR-tpi (80 %). 4.56 % (19/417) and 0.96 % (4/ 417) of the subjects were infected with G. duodenalis assemblage B and assemblage A, respectively. For mixed infections (assemblages A and B) the frequency was 3.12 % (13/417). From the 36 genotyped Giardia, assemblage B represented 52.78 %, followed by mixed assemblages A ? B with 36.11 %, and finally assemblage A with only 11.11 %.
The prevalence of G. duodenalis assemblages A and B and mixed A ? B infections were not significantly associated with gender, area of residence, colour of skin and age (P [ 0.05).
The majority of children in the study, 345 (82.73 %), had no complaints about gastrointestinal signs or symptoms. Of 25 symptomatic Giardia cases 56.0 % (14/25) had loss of weight, 44.0 % (11/25) had abdominal pain and 44.0 % (11/25) had diarrhoea. Table 2 presents clinical data from 36 children divided into studied groups in which G. duodenalis was identified regarding the infecting assemblage of this intestinal protozoan. There was an association between diarrhoea and assemblage B with children who were cared for at home (P = 0.03). No correlation was found between other symptoms and signs with specific assemblage infections compared with the analysed groups (P [ 0.05).
Risk factors of G. duodenalis infection
Univariate and multivariate analysis of risk factors associated with G. duodenalis infection is shown in Table 3 . No significant association was found between G. duodenalis infection and age, sex, residing area, boiling water before consumption, washing hands before meals or washing vegetables/fruits before consumption. However, univariate analysis showed that children who kept a dog indoor were at 2.5 times greater risk of acquiring G. duodenalis (95 % CI 1.2-5.4). Our results also confirmed that those without a safe water resource (unsafe from well) were at higher odds (OR 2.9) (95 % CI 1.2-6.8) of having a Giardia infection when compared with their counterparts (aqueduct). Multivariate analysis using introduction test logistic regression ratified the association of these two risk factors: kept dogs at house (OR 2.8, 95 % CI 1.1-5.3), and unsafe water (OR 1.4, 95 % CI 1.4-4.9) with Giardia infection.
Discussion
Intestinal parasitic infections are among the most prevalent and persistent of all childhood infections worldwide, and many individuals living in endemic areas are infected continuously from soon after birth to childhood. Infections with intestinal parasites may have important health consequences, but morbidity, especially for preschool and school-aged children is often underestimated (Lozano et al. 2012; Speich et al., 2013) .
Thanks to the implementation of various health programmes, since 1959 the quality of life of the Cuban population, as well as sanitation and supply of drinking water have been remarkable improved (Offredy 2008) . Except for various studies on intestinal parasitic infections mainly in Havana and in the western part of Cuba (Núñez et al. 2003 , Escobedo et al. 2007 , Cañete et al. 2012 , actual data on the present situation in preschool children from the Central region of the country are lacking.
The present study provides information on the status of Giardia infection among preschool children of the municipality of Fomento, province of Sancti Spiritus. Our findings revealed that the overall prevalence of Giardia infection was 10.79 %. In the present study, the prevalence of G. duodenalis infection in preschool children was considered as low, compared with those reported in other children populations in other previous studies. For instance, Cañete et al. (2012) in a parasitological survey made in preschool children in Matanzas province, found a high Giardia prevalence of 54.8 % in 104 children investigated. Moreover, Mendoza et al. (2001) in a coproparasitologic study performed in 4 day-care centres located in Havana in 1998, a prevalence rate of 54.6 % was reported for Giardia. This low prevalence in this community might be due to the impact of some hygienic and educational campaigns addressed to children and their parents that have been developed in the last few years in order to maintain low levels of intestinal parasitic infections (Wordemann et al. 2006 ; Van der Werff et al. 2014) . Human giardiasis is caused by two genetically very distinct assemblages (A and B) of G. duodenalis, and a number of molecular assays have been developed for their specific detection in stool and environmental samples. Both assemblages are found associated with human infection globally and have also been detected in various animals (Cacciò and Ryan 2008; Ryan and Cacciò 2013) . In this study, the results showed that the majority of infections of G. duodenalis were caused by assemblage B. However a high proportion of mixed infection was recorded.
The two zoonotic assemblages of Giardia are geographically widespread, and as more isolates are genotyped, some patterns are emerging on host occurrence. Overall in humans, the distribution of assemblages A and B is similar in both developed and developing countries, with assemblage B more common (58 %) in developing than developed countries (55 %) compared to assemblage A (37 vs. 40 %), but mixed infections are more common in developing countries (8 vs. 2 %) (Feng and Xiao 2011) .
In a previous molecular study carried out in the same Cuban region, but in primary school children, they found that children who excreted relatively large numbers of cysts were more likely to be symptomatic than children who were excreting fewer cysts, and children with Giardia isolates from assemblage B were more likely to have symptomatic infections than children with isolates from assemblage A (Pelayo et al. 2008) . In other previous crosssectional studies carried out to determine the prevalence of giardiasis in children from two different remote districts from Thailand, they found that children harbouring assemblage B had shed a significantly higher number of cysts in stools than those infected with assemblage A, but unfortunately, they had no clinical information of these children (Saksirisampant et al. 2012) . The predominance of assemblage B in our study confirmed the results of other studies performed in the same geographical area (Pelayo et al. 2008 ) and in La Havana (Puebla et al. 2014) . It is interesting that the amount of cases with mixed infections were found to be two times higher as compared to respective cases reported by Puebla et al. in a study done with school children from Havana (Puebla et al. 2014 ). This result could be explained by the use of assemblage-specific tpi primers, which allows detection of a much larger number of mixed assemblage A and B infections than can be done when using more general primers and is known that tpi gene is a good phylogenetic marker for analysis of the molecular evolutionary and taxonomic relationship of G. duodenalis parasites (Geurden et al. 2008) . However, it is also possible that the close contact between children from the Fomento municipality allowed for interchange of different assemblages by faecaloral route or by direct contact.
It was interesting to note that assemblage B was associated to diarrhoea in those children less than 3 years old cared for at home. The association of that symptom with this genetic group of Giardia in children has been found also in others parts of the world (Gelanew et al. 2007; Mohammed et al. 2009; Molina et al. 2011) . The development of more symptomatology in this target group could be explained by the incomplete development of their immune system. In fact, in developing-country populations, G. duodenalis is ubiquitous and the initial infection is acquired in the first few weeks of life in developing country settings, where the initial or first few G. duodenalis infections may result in diarrhea (El-Hakim and El-Sahn 1996; Muller and von Allmen 2005) . This is the second report from Cuba of infections with both assemblages, A and B. The occurrence of mixed infections has been reported in molecular-based surveys performed in Australia, the United Kingdom, India, Italy, and Peru. It should be noted that prevalence of mixed infections are likely to be grossly underestimated, as conventional PCR assays are biased towards detection of the most abundant parasite population (Traub et al. 2004; Lalle et al. 2005; Ryan and Cacciò 2013) .
G. duodenalis is known for causing gastrointestinal symptoms. The most common are, acute or chronic diarrhoea, flatulence, and stomach cramps, whereas asymptomatic infections may occur, particularly in highly endemic areas (Ignatius et al. 2012) . To date, the association between clinical symptoms and Giardia assemblages is still controversial. Several studies have reported correlations between assemblages and symptoms, but there has been a lack of concordance in the data obtained (Cacciò and Ryan 2008; Feng and Xiao 2011) .
Previous studies from Pelayo et al. (2008) and Puebla et al. (2014) indicated that in school children assemblage B was more common among symptomatic children than assemblage A. However, our present examination of preschool children only identified that correlation in children cared for at home, but not in the other groups, perhaps, possibly due to the statistical limitation of our study in which the number of cases in the group of children infected with assemblage A was very low. It is evident that the severity of disease is probably determined by the interplay between the virulence of the parasite, the developmental, nutritional, and immunological status of the host, the nature of intestinal microbiota, and the presence or absence of other copathogens. Although different G. duodenalis assemblages may produce different toxins or metabolic products that may contribute to their pathogenicity, studies of the possible association between G. duodenalis assemblages and virulence (indicated by the likelihood of causing diarrhoea and other clinical symptoms, as many G. duodenalis infections are asymptomatic) have thus far produced inconsistent results (Nash 2002; Tungtrongchitr et al. 2010 ).
The present study also investigated the possible risk factors associated with Giardia infection among the participants, revealing that children who had unsafe sources of drinking water and those with close contacts with dogs were significantly associated with higher Giardia infection rates. Epidemiological investigations have demonstrated that contact with farm and companion animals, and regions where water supplies are poor, are important risk factors associated with Giardia infection. Risk factors identified as important in facilitating emergence of Giardia infection also include high environmental faecal contamination, inadequate education and housing, overcrowding and high population density and animal reservoirs of infection (Robertson et al. 2010; Thompson and Monis 2011) .
The zoonotic transmission of G. duodenalis has gained more evidence, particularly the role of domestic animals. In fact, dogs can harbour infections with either zoonotic or host specific assemblages of Giardia (Traub et al. 2004 ). From our study, a significant association between G. duodenalis infection and keeping a dog indoor was identified which might emphasize the role of dogs as a reservoir host for a potential zoonotic transmission in this community. A better understanding of the transmission of Giardia between animals and humans also requires a thorough understanding of the population genetics of G. duodenalis, particularly population sub-structure, geographic and host segregations. Unfortunately, we could not collect dog stool specimens to confirm the presence of G. duodenalis and their assemblages.
In addition, this research revealed that consumption of unsafe water was a significant predictor of Giardia infection. It is well known that Giardia and Cryptosporidium have been the most common causes of waterborne disease outbreaks worldwide (Savioli et al. 2006 ), so our results underline the importance of this variable in the quality of life in rural populations, mainly in children who are the target population to develop more symptomatology to intestinal parasitic infections.
This study had several limitations. Nine samples were unable to be genotyped, probably due to degradation of DNA. We had a small number of A assemblages in this study, which could limit the power for assessing differences in symptomatology in the study groups. Further analysis is required in the future, of dog samples in order to genetically characterize and to study the roll of domestic animals in transmission of giardiasis. Additionally, it would be beneficial to use several molecular markers in that kind of study in order to understand the transmission patterns and elucidate the complex epidemiology of this important intestinal parasitic infection.
To the best of our knowledge, this is the first Cuban research aimed at providing information on the assemblages associated with human infection, in preschool children from the central part of Cuba. Further studies on the epidemiology of giardiasis, especially risk factors associated and zoonotic potential transmission with genotyping would help to understand the nature of this disease, which will benefit the development of prevention and control strategies in this population.
Conclusions
Giardiasis in children may have decreased but is still prevalent in Cuba, at least in the central region of Cuba. The present study showed that assemblage B was common in preschool children, as well as mixed infections by assemblages A ? B. No association was found between assemblages and clinical characteristics. Keeping dogs at home and drinking water from an unsafe resource were significant risk factors of acquiring G. duodenalis infection in preschool children of this community. This information will be useful to the effective prevention and control programme of giardiasis in this population.
